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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid dispenser for dispensing liquid from an inverted container, and inverted
containers comprising them, in particular, liquid dispensers for dosing viscous liquids.

BACKGROUND OF THE INVENTION

[0002] Liquid dispensers designed for use with viscous liquids are well-known in the field of cleaning products,
especially for liquid laundry detergent compositions. These dispensers typically consist of containers with a spout
positioned at the top, commonly referred to as "top-dispensing bottles." To dispense the liquid, consumers typically need
to open a cap, expose the spout, and then invert and squeeze the bottle. However, these top-dispensing bottles have
several issues. Firstly, the liquid tends to flow out upon inversion, evenwithout squeezing, making it challenging to control
theamount of liquid dispensedand leading to potential spillagewhen thebottle is returned toanupright position.Secondly,
these bottles often leave liquid residue around the spout, which can dry and form a crust, eventually obstructing the spout.
Additionally, the poor ergonomic design of these bottles can cause inconvenience and discomfort, particularly for elderly
consumers or when using larger-sized bottles.
[0003] To address these issues, inverted containers have gained popularity among consumers. Inverted containers
have an orifice at the bottom for liquid dispensing and are used in an upside-down position, resting on their bottom when
placedonahorizontal surface. Thesecontainers typically featureaflexible bottlewith theorificepositionedbottomsurface
of the container, and some improvements include the incorporation of a resilient valve in the discharge orifice. Such valves
aim to control the volume of liquid dispensed and minimize leakage, ensuring that liquid does not escape unless force is
applied to the container. However, leakage remains an issue, even for such bottom-dispensing containers that comprise a
cap covering the orifice.
[0004] A particular challenge with these types of inverted containers is the prevention of leakage of the liquid contained
therein during steady state (i.e., storage) and/or upon impact, especially upon impact. For example, leakage may occur
during storage when the inverted container is subjected to a temperature change, specifically increase (e.g., inverted
container placed beside sunny window or near stove top, etc.), that can lead to internal pressure increases and leakage.
Specifically, by "impact" it ismeant thatwhen the inverted container is handled, transported, droppedor knockedover.Asa
result of the impact, transient liquid pressure increases, also referred to as hydraulic hammer pressure, inside the
container and canmomentarily force open the valve causing liquid to leak out, whichwill result in consumer dissatisfaction
with the product. Previous attempts to overcome the leakage problem have involved including a closing cap (see for
example CN2784322U (Liu Zhonghai) & WO2014/130079 (Dow Global Technologies)). However, inclusion of a closing
cap means additional steps of having to open the closing cap for dosing and reclose the closing cap after the dosing
process, which is undesirable to consumers. Furthermore, the cap does not avoid liquid messiness and dried up crust of
liquid around the spout/cap. Other attempts have incorporated baffles on top of the resilient valve (see for example
JP2007/176594 (Lion), & WO2000/68038 (Aptar Group)), which have not completely resolved the leakage issue
particularly as it pertains to inverted containers, more particularly upon impact. JPH02127252A seeks to prevent liquid
from leaking by providing a liquid path for discharging liquid from a device on a body, wherein a passage part having a first
opening opened at an opening end and a second opening located above the opening end are included so that liquid is
guided upward from the opening end at a mouth part. The need for improved liquid dispensers for an inverted container
which substantially reduces or prevents the tendency of the valve to open when the inverted container is impacted,
particularly dropped or knocked over has been met through the use of dispensers as described in EP3492400B1 and
EP3511402B1.However, it remains challenging to doseaccurate quantities of the liquid composition, containedwithin the
inverted container, especially for small dose sizes. EP24175572.7 discloses a liquid dispenser and inverted container that
provides for improved dosing of liquid compositions, especially at low dosage volumes, while being more resistant to
leakage, even for low viscosity liquids.However, when dispensingmore viscous liquid compositions, such dispensers can
require a greater pressure to be exerted by the user onto the container, in order to dispense the liquid composition
contained therein. While the valve contained within the dispenser typically has an opening pressure, above which, the
liquid isdispensed, viscous liquids result in a largerpressuredifferencebeing required inorder for theviscous liquid topass
through the liquid dispenser itself. This can further result in less control of the dosing, including spurting of the composition
upon dosing.
[0005] Therefore, there is a continuedneed for liquid dispensers specifically designed for viscous liquids,which not only
provide improved dosing accuracy, particularly for small doses, but also offer enhanced leak prevention, while not
requiring excessive manual pressure to dose the liquid composition.
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SUMMARY OF THE INVENTION

[0006] The present invention relates to a liquid dispenser for affixing to an inverted container containing dispensable
liquid, thedispenser comprising: abodyof thedispenser comprisingaconnecting sleeve,wherein theconnectingsleeve is
adaptable for engaging to an exterior surface proximate an opening of the inverted container and is spaced radially
inwardly to define an internal discharge conduit for establishing fluid communication with the liquid contained in the
inverted container; a valve localized in the body extending across the internal discharge conduit, the valve having an
interior side for being contactedby the liquid contained inside the inverted container andanexterior side for being exposed
to the exterior atmosphere, wherein the valve defines a dispensing orifice that is reactably openablewhen the pressure on
thevalve interior sideexceeds thepressureon thevalveexterior side; andan impact resistancesystem localizedupstream
of the valve, the system comprises: a housing having a cavity therein and extending longitudinally from the body and
radially inwardly from thesleeve; andawall positioned radially inwardly from thehousing, extending longitudinally from the
body, and extending around the valve, wherein the housing comprises at least one inlet opening that provides a flow path
for the liquid from the inverted container into the housing, and at least one outlet opening that provides a path of egress for
the liquid from the housing to the exterior atmospherewhen the dispensing orifice is opened, wherein the cavity is adapted
to be partially occupied by a compressible substance, wherein the at least one inlet opening is proximal to the body,
wherein the at least one inlet opening has an inlet opening height, wherein thewall extends longitudinally from the body an
overlap distance further than the lower edge (38), wherein the ratio of the overlap distance (O) to the inlet opening height
(H) is 1.0 or higher, and the ratio of the diameter of thehousing internal surface (35) to thediameter of thewall outer surface
(36) is at least 1.5:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] While the specification concludes with claims particularly pointing out and distinctly claiming the invention, it is
believed that the invention will be better understood from the following description of the accompanying figures wherein
like numerals are employed to designate like parts throughout the same:

Figure 1showsaperspective viewof a liquid dispenser (1) according to oneaspect of thepresent invention connected
to an inverted container (2), the container comprising sidewalls (3). Also shown is section line 9‑9.
Figure 2 shows a perspective view of a liquid dispenser (1) according to one aspect of the present invention,
comprising the body (10) and the impact resistance system (30).
Figure 3 shows a perspective view of a body (10) of use in the liquid dispenser (1) according to the present invention,
before the impact resistance system (30) has been incorporated. Also shown are the connecting sleeve (11), the
internal discharge conduit (12), the exterior portion (14) and the central portion (15) of the body (10), aswell as the top
end (A) and bottom end (B).
Figure 4 shows a top view of the interior side (21) of a valve (20) of use in the liquid dispenser (1) according to the
present invention. Also shown are the dispensing orifice (23), aswell as the components of the dispensing orifice: the
flexible central portion (24), the slits (25), distal ends (26) of the slits (25) and the flaps (27) formed by the slits (25).
Figure 5 shows a plan side view of the valve (20) of FIG. 4, further showing the outer edge (28b) of themarginal flange
of the valve (20).
Figure 6 is a section view of the valve (20) of FIG. 4, further showing the valve exterior side (22), in addition to the inner
edge (28a), the outer edge (28b), the bottom (28c), and the top (28d) with the outer rim (28e) of the marginal flange
(28).
Figure 7 shows a perspective view of an impact resistance system (30) of use in the liquid dispenser (1) according to
the present invention. Also shown is the housing (31), the inlet openings (33a) and the position of the outlet opening
(33b).
Figure 8 shows an angled cross-sectional view of the impact resistance system (30) of FIG. 7. Also shown is the valve
(20), the cavity (32), the housing internal surface (35), the wall (60), and the wall outer surface (36).
Figure 9 shows a cross-sectional view of the impact resistance system (30) of FIG. 7, connected to a body (10). Also
shown are the upper retainer surface (29a) and lower retainer surface (29b) for securing the valve (20). Also shown is
the graphical representation of the inlet opening height (H) and the overlap distance (O).
Figure 10 shows a cross-sectional view of the impact resistance system (30) similar to that of FIG. 7, but further
comprising a baffle (40).
Figure 11 shows an angled cross-sectional view of the impact resistance system (30) of figure 10, showing the baffle
(40) in perspective view, as well as its occlusion member (41) supported by support members (42).
Figure 12 showsa cross sectional viewof the liquid dispenser (1) of Figure 1 takenalong section line 9‑9, including the
impact resistance system (30) of Fig 10, and in which the valve defines the dispensing orifice (23).
Figure 13 shows a drop tester apparatus and the procedures in the Leakage Resistance Test.
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DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention provides a liquid dispenser as described herein which can substantially reduce or prevent
the tendencyof thevalve toopenwhen the invertedcontainer is impacted, particularly droppedor knockedover, so that the
liquid does not leak out, while also providing more accurate dosing, especially at low dose sizes, and improved leakage
prevention for liquids having a higher viscosity, without requiring excessivemanual pressure to be applied to the container
to dose the liquid contained therein.
[0009] Another aim of the present invention is to provide a liquid dispenser as described herein which prevents steady
state leakageof the liquid. It is advantageous that the valve remains closed during storage of the inverted container so that
the liquid does not leak out unless force is intentionally applied to the inverted container to dispense the liquid. This avoids
messy dried liquid forming near the dispensing orifice, which can potentially block the liquid from being dispensed, or
messiness in the storage area leading to eventual surface damage when stored on delicate surfaces. The sensitivity to
leakage is especially reduced under static storage conditions when storing low viscosity liquids.
[0010] A further aim of the present invention is to provide a liquid dispenser as described herein that allows for ease and
accurate dosing without needing to turn the containers over. This is believed to contribute to faster and improved
ergonomical dosing experience (i.e., more comfortable, less stress on thewrist, less strength needed, etc.). For example,
less steps are required then with conventional top-up bottles or upside-down containers that may include a closing cap or
seal, and no awkward twisting motion of the hands is needed to invert the bottle upside down to dispense the liquid.
[0011] Yet a further aim of the present invention is to provide a liquid dispenser as described herein that would allow
access to every last drop of the liquid inside the inverted containers. Thus, it is an advantage of the invention to minimize
waste.
[0012] The present invention also has the advantage of allowing for a larger formulation window of operable viscosity
since formulators cannow include liquidshavinga larger viscosity range, particularly liquidshaving lower viscositieswhich
tend to be more sensitive to leakage.
[0013] Another advantage of the present invention is that it allows for usewith larger sized containers (e.g., greater than
450 mL). It is expected that the improved liquid dispenser enables higher weight tolerances on the resilient valve thereby
substantially reducing/preventing liquid leakage when used with larger inverted containers.
[0014] Theseandother features, aspectsandadvantagesof thepresent inventionwill becomeevident to thoseskilled in
the art from the detailed description which follows.
[0015] It is to be understood that the scope of the claims is not limited to the specific devices, apparatuses, methods,
conditions or parameters described and/or shown herein, and that the terminology used herein is for the purpose of
describing particular aspects of the invention by way of examples only and is not intended to be limiting of the claimed
invention.
[0016] Asusedherein, articles suchas "a" and "an"whenused in a claim, are understood tomeanoneormoreofwhat is
claimed or described.
[0017] As used herein, any of the terms "comprising", "having", "containing", and "including" means that other steps,
ingredients, elements, etc. which do not adversely affect the end result can be added. Each of these terms encompasses
the terms "consisting of" and "consisting essentially of". Unless otherwise specifically stated, the elements and/or
equipment herein are believed to be widely available from multiple suppliers and sources around the world.
[0018] As used herein, the term "compressible" means the ability of a substance to reduce volume under influence of
increased pressure, in which the volume reduction is at least 1%, preferably at least 5%, most preferably at least 10%.
[0019] Asused herein, the term "consumers" ismeant to include the customerswho purchase the product aswell as the
person who uses the product.
[0020] As used herein, the term "hydraulic hammer pressure" means a transient pressure increase caused when the
liquid inside the inverted container is forced to stop or change direction suddenly (i.e., momentum change) typically as a
result of impact to the inverted container. Hydraulic hammer pressure can also be referred to as "impact force". If the
hydraulic hammer pressure is not somehowabsorbed by the liquid dispenser, then the forcemight (momentarily) open the
valve and cause leakage of the liquid.
[0021] The terms "include", "includes" and "including" are meant to be non-limiting.
[0022] As used herein, the term "liquid" means any liquid including highly viscous materials (e.g., lotions and creams),
suspensions, mixtures, etc. For example, a "liquid" may constitute a personal care product, a food product (e.g., ketchup,
mayonnaise, mustard, honey, etc.), an industrial or household cleaning product (e.g., laundry detergent, dish washing
cleaning detergent, etc.), or other compositions of matter (e.g., compositions for use in activities involvingmanufacturing,
commercial or householdmaintenance, personal/beauty care, baby care,medical treatment, etc.). Key targeted liquid is a
hand dishwashing liquid detergent. The liquid product preferably the liquid detergent product, more preferably the liquid
hand dishwashing product may have any density, however the liquid preferably has a density between 0.5 g/mL and 2
g/mL, more preferably between 0.8 g/mL and 1.5 g/mL, most preferably between 1 g/mL and 1.2 g/mL.
[0023] As used herein, the term "steady state" means the constant pressure properties of the liquid inside the container
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when it is at rest.
[0024] The dimensions and values disclosed herein are not to be understood as being strictly limited to the exact
numerical values recited. Instead, unless otherwise specified, each such dimension is intended to mean both the recited
value and a functionally equivalent range surrounding that value. For example, a dimension disclosed as "1.2cm" is
intended to mean "about 1.2cm".
[0025] It is understood that the test methods that are disclosed in the Test Methods Section of the present application
must be used to determine the respective values of the parameters of Applicants’ inventions as described and claimed
herein.
[0026] In all embodiments of the present invention, all percentages are byweight of the total composition, as evident by
the context, unless specifically stated otherwise. All ratios are weight ratios, unless specifically stated otherwise, and all
measurements are made at 25°C, unless otherwise designated.

Liquid Dispenser

[0027] For easeof description, the liquid dispenser (1) of this invention is describedwith termssuchasupper/ top, lower/
bottom, horizontal, etc. in reference to theposition show in Figure 1.With continued reference toFigures 1and12, it will be
understoodhowever, that the liquid dispenser (1) of the invention is usedwith an inverted container (2)wherein the liquid is
dispensed from the bottom of the inverted container (2). The liquid dispenser (1) can be affixed, preferably releasably
affixed, to an inverted container (2). As such, the liquid dispenser (1) preferably comprises a means of affixing to an
inverted container, such as a screw thread (as shown in Figures 9 and 12), or one half of a lock-and-key mechanism, or
surfaces for adapted for gluing or heat-sealing.
[0028] The liquid dispenser (1), or at least certain components of the dispenser (1), can be made from any materials
which can bemolded or shaped, while still being durable enough to hold up to being transported and regular wear and tear
with constant exposure to a liquid. The dispenser (1) components may be separately molded and may be molded from
different materials. The materials for the different components, unless specifically specified, may have the same or
different colors and textures for aesthetic purposes. Preferably, the components are molded from a hard plastic, more
preferably a thermoplastic material, such as for example, polypropylene (PP), polycarbonate, polyethylene (PE),
polyvinylchloride (PVC) or the like. One or more of the components of the liquid dispenser may also partially or fully
comprise post-consumer recycled materials from bottles, other containers and the like. As shown in Figure 2, the liquid
dispenser (1) comprises three basic components, a body (10), a valve (20) (not shown) and an impact resistance system
(30). Preferably the liquid dispenser (1) is free of a closing cap or seal. Typically the seal is included for transport and is
removed and discarded after the first use of the liquid dispenser (1).

Body

[0029] As shown in Figure 3, the liquid dispenser (1) comprises a body (10). The body (10) includes at a top end (A) a
connecting sleeve (11) adapted for releasably engaging to an exterior surface proximate an opening (5) (not shown) of the
inverted container (2). Preferably this arrangement provides leak-tight contact between the liquid dispenser (1) and the
inverted container (2) making the liquid dispenser (1) sealingly tight against leakage. Alternatively, the connecting sleeve
(11) may be adapted for releasably engaging to an interior surface proximate an opening (5) (not shown) of the inverted
container (2). In other words, the inverted container (2) is attached to the connecting sleeve (11) located on the horizontal
exterior of the body (10) of the liquid dispenser. However this alternative arrangement is less preferred since there is a
higher leakage risk of liquid passing through the contacts between the dispenser (1) and the inverted container (2).
[0030] The body (10) can be releasably engaged to the opening (5) (not shown) of the inverted container (2) by suitable
means of attachment commonly known to those skilled in the art, including for non-limiting example co-operative threads,
crimping, clipping means, clasp-means, snap-fit means, groove arrangements, bayonet fittings, or permanently welded.
Preferably, themale threadon theexterior surfaceof theopening (5) (not shown)of the invertedcontainer (2) is screwedon
the female thread which has been molded onto the connecting sleeve (11) (as illustrated in Figure 3).
[0031] The body (10) includes a central portion (15) axially disposed along the longitudinal axis (L). The connecting
sleeve (11) is spaced radially inwardly towards the central portion (15) and defines an internal discharge conduit (12). The
discharge conduit (12) functions as a flow passage for establishing fluid communication with the liquid contained in the
inverted container (2) to the exterior atmosphere. It will be understood that in use, the connecting sleeve (11) forms a fluid
seal between the liquid dispenser (1) and the inverted container (2) so that the liquid can enter the liquid dispenser (1)
without leaking.
[0032] Preferably, the body (10) comprises at a bottom end (B) an exterior portion (14) adapted to allow the inverted
container (2) to stably rest on its bottom on a flat surface (as shown in Figure 1). The exterior portion (14)may be integrally
formed with the body (10). For example, the exterior portion (14) comprises an annular flange structure (e.g., skirt) that
extends axially downward towards the bottom (B) and radially outward as shown in Figure 3. While Figure 3 depicts the
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exterior portion (14) of the body (10) as having a frustoconical shape, it is not necessarily limited to this shape. Other
shapes such as cylindrical, pyramid shape, disk shape, multiple legs, etc. could be used so long as they allow for the
inverted container (2) to remain stably rested on its bottom.
[0033] It should beunderstood thatwhile the body (10) hasbeenshownanddescribed herein, there aremany variations
that may be desirable depending on the particular requirements. For example, while the connecting sleeve (11) and the
exterior portion (14) have been shown as having uniform material thickness, in some applications it may be desirable for
thematerial thickness tovary.Bywayof furtherexample,whileanumberof surfaceshavebeendescribedhereinashaving
a specific shape (e.g., frustoconcial, planar, etc.) other specific shapes may be desirable for those surfaces depending
upon the particular application.

Valve

[0034] The liquid dispenser (1) further comprises a valve (20) localized in the body (10) extending across the internal
discharge conduit (12). As shown by Figures 4 to 6, the valve (20) has an interior side (21) for being contacted by the liquid
contained inside the inverted container (2) andanexterior side (22) (as shown inFigure 6) for beingexposed to theexterior
atmosphere. The valve (20) defines a dispensing orifice (23) that is reactably openable when the pressure on the valve
interior side (21) exceeds the pressure on the valve exterior side (22).
[0035] The valve (20) is preferably a flexible, elastomeric, resilient, 2-way bi-directional, self-closing, slit-type valve
mounted in the body (10). The valve (20) has slit or slits (25) which define the dispensing orifice (23). For example, the
dispensing orifice (23) may be formed from one slit (25) or two or more intersecting slits (25), that may open to permit
dispensing of liquid therethrough in response to an increased pressure inside the inverted container (2), such as for
example, when the inverted container (2) is squeezed. The valve (20) is typically designed so as to reactably close the
dispensingorifice (23) andstop the flowof liquid therethroughupona reductionof thepressuredifferential across the valve
(20). The amount of pressure needed to keep the valve (20) in the closed position will partially depend on the internal
resistance force of the valve (20). The "internal resistance force" (i.e., cracking-pressure) refers to a pre-determined
resistance threshold to deformation/opening of the valve (20). In other words, the valve (20) will not tend to resist
deformation/opening so that it remains closed under pressure of the steady state liquid bearing against the interior side
(21) of the valve (20). The amount of pressure needed to deform/open the valve must overcome this internal resistance
force. This internal resistance forcemust not be too lowsoas to cause liquid leakageor toohigh tomakedispensingadose
of liquid difficult. Accordingly, the valve (20) preferably has an internal resistance force of the valve (20) that is at least 10
mbar, preferably at least 25 mbar, more preferably less than 250 mbar, even more preferably less than 150 mbar, most
preferably less than 75mbar. Preferably, the dispensing orifice (23) is designed to be in the open positionwhena pressure
difference (Δ) of at least 10 mbar, preferably at least 25 mbar exists between the valve interior side (21) in relation to the
valveon theexterior side (22).Preferably the forceexertedon thevalve interior side (21) that is required inorder toopen the
dispensing orifice (23) is at least 10 mbar, preferably at least 25 mbar. Preferably the valve (20) has a surface area of
between 0.1 cm2 and 10 cm2, more preferably between 0.3 cm2 and 5 cm2, most preferably between 0.5 cm2 and 2 cm2.
Preferably the valve (20) has a height of between 1 mm and 10 mm, more preferably between 2 mm and 5 mm. Other
dimensions could be used so long as they allow for the dispensing orifice (23) to remain in the fully closed position at rest.
[0036] As shown in Figures 4 to 6, the valve (20) preferably includes a flexible central portion (24) having at least one,
preferably at least two, alternatively a plurality (i.e., three or more), of planar, self-sealing, slits (25) which extend radially
outward towards distal ends (26). It should be understood that slit valve is intended to refer to any valve that has one or
more slits in its final functioning form, including such valvewherein one ormore of the slits, is/are only fully completed after
the valve has been formed and/or installed in the liquid dispenser (1). Each slit (25) preferably terminates just before
reaching the distal end (26) in the valve (20). Preferably, the slits (25) are straight (as shown in Figure 4) or may have
various different shapes, sizedand/or configurations (not shown). Preferably, the intersecting slits (25) are equally spaced
from each other and equal in length.
[0037] The valve (20) is typically designed to close the internal discharge conduit (12) and stop the flowof liquid through
the conduit (12) upona reduction of thepressuredifferential across the valve (20). Theamount of pressureneeded toopen
the valve (20) will partially depend on the internal resistance force of the valve (20). The "internal resistance force" (i.e.,
cracking-pressure) refers to a pre-determined resistance threshold to deformation/opening of the valve (20). In other
words, the valve (20) will tend to resist deformation/opening so that it remains closed under pressure of the steady state
liquid bearing against the interior side (21) of the valve (20). The amount of pressure needed to deform/open the valve (20)
must overcome this internal resistance force. This internal resistance force shouldnot be so lowas to cause liquid leakage.
Accordingly, the valve (20) preferably has an opening pressure differential from the interior side (21) to the exterior side
(22) of the valve (20) of at least 10mbar, preferably at least 15mbar, more preferably at least 25mbar, measured at 20 °C.
The internal resistance force should not be so high as to make dispensing a dose of liquid difficult.
[0038] Especiallywhere the invertedcontainer (2) comprisesa lowviscosity liquid, theuseof a valve (20)whichopensat
a relatively low-pressure differential helps to avoid spurting of the composition through the valve (20). The valve (20)
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preferably opens at a pressure differential of from10 to 250mbar, preferably from15 to 150mbar,more preferably from25
to 75 mbar, measured at 20 °C.
[0039] Moreover, the use of a valve (20) which opens at such low-pressure differentials also means that a smaller
pressure differential is required to draw air through the valve (20) once the squeezing has been removed, so that the
container (2) can return to itsoriginal shape.This is particularly important for invertedcontainers (2)whichcompriseamore
elastic container (2) since an insufficient pressure differential across the valve (20) means that not enough air is drawn
through the valve (20) and into the container (2) for the container (2) to revert back to its undeformed shape.
[0040] Theopeningpressuredifferential (inmbar) is typicallymeasuredusingawater column, towhich theslit-valvehas
beensealingly attached to thebottomof thewater-column, thenmeasuring thewater-height required to open the slit valve,
at the target temperature. The opening pressure is typically available from the valve manufacture, including on technical
literature provided for the valve.
[0041] With continued reference to Figure 4, the intersecting slits (25) define four, generally sector-shaped, equally
sized flaps (27) in the valve (20). The flaps (27)may be characterized as the openable portions of the valve (20) that reacts
to pressure differences to change configuration between a closed, rest position (as shown in Figure 4) and an open
position. Thevalve (20) is designed tobeflexible enough toaccommodate in-ventingof exterior atmosphere.For example,
as the valve (20) closes, the closing flaps (27) or openable portions can continue moving inwardly and pass the closed
position to allow the valve flaps (27) to open inwardly when the pressure on the valve exterior side (22) exceeds the
pressure on the valve interior side (21) by a predetermined magnitude. Such in-venting capability of the exterior
atmosphere helps equalize the interior pressure inside the inverted container (2) with the pressure of the exterior
atmosphere. It is understood that the valve (20) is designed so that the opening pressure to vent air back into the inverted
container (2) is low enough to avoid paneling of the inverted container (2) during use. In other words, the resilience of the
inverted container (2) to return to its initial shape after use (i.e., squeezing force) is higher than the venting opening
pressure.
[0042] Preferably the valve (20) is not contacting the surfaceonwhich the inverted container (2) is standingwhenat rest,
nor contacting thesurface tobecleanedupondosing.Heretofore thevalve (20) is augmented into thebody (10), preferably
being positioned at least 1mm from the resting surface,more preferably at least 5mm, evenmore preferably at least 1 cm.
By positioning the valve (20) above rather than in contact with the surface there is less risk of capillary seeping through the
valve (20) leading to surface contamination and potentially surface damage upon storage of the inverted container (2).
[0043] The valve (20) is preferably molded as a unitary structure from materials which are flexible, pliable, elastic and
resilient. Suitable materials include, such as for example, thermosetting polymers, including silicone rubber (available as
D.C. 99‑595-HC from Dow Corning Corp., USA; WACKER 3003‑40 Silicone Rubber Material fromWacker Silicone Co.)
preferably having a hardness ration of 40 Shore A, linear low-density polyethylene (LLDPE), low density polyethylene
(LDPE), LLDPE/LDPE blends, acetate, acetal, ultra-high-molecular weight polyethylene (UHMW), polyester, urethane,
ethylene-vinyl-acetate (EVA), polypropylene, high density polyethylene or thermoplastic elastomer (TPE). The valve (20)
can also be formed from other materials such as thermoplastic propylene, ethylene and styrene, including their
halogenated counterparts. Suitable valves are commercially available such as from the APTAR Company including
the SimpliSqueeze® valve line up.
[0044] As shown in Figures 8 to 11, the valve (20) can be localized in the body (10) or impact resistance system (30) to
provide the dispensing orifice (23). As shown in Figures 9 and 10, the valve (20) is preferably localized in the body (10),
below the outlet opening (33b) and provides the path of egress for the liquid from the housing (31) to the exterior
atmosphere when the dispensing orifice (23) is opened.
[0045] As shown in figures 4 to 6, the valve (20) typically includes a marginal flange (28) which seals about the
dispensing orifice (23), in addition to the central portion (24). Themarginal flange (28) typically has an annular plan shape
anda substantially L-shaped cross-sectional configuration, comprising an inner edge (28a), an outer edge (28b), a bottom
(28c), and a top (28d) with an outer rim (28e) upstanding therefrom. The marginal valve flange (28) has substantial
thicknessbetween thebottom (28c) and top (28d)which is resiliently compressedbetweenanupper retainer surface (29a)
and a lower retainer surface (29b) to forma secure leak-resistant seal therebetween (seeFigures 9and 12). If present, the
outer rim portion (28e) of marginal flange (28) positively locks the valve (20) to prevent any radial movement.
[0046] As shown in Figures 9 and 10, the lower retainer surface (29b) can be formed as part of the body (10) or housing
(31), preferably the body (10). The upper retainer surface (29a) is fixedly mounted to, or forms part of the body (10) or
housing (31), preferably the housing (31).
[0047] The valve (20) is normally in the closed position and can withstand the pressure of the liquid inside the inverted
container (2) so that the liquidwill not leakoutunless the invertedcontainer (2) is squeezed.Unfortunately, thedesignof the
valve (20) limits their effectiveness in preventing liquid leakage from inside the inverted container (2) under all situations,
particularly when the inverted container (2) has been impacted causing a substantial transient liquid pressure increase.
The impact resistance system, as described in EP3492400B1 helps to absorb the transient liquid pressure increase after
the impact and substantially reduce or prevent liquid leakage from the liquid dispenser (1). The present improvements to
the impact resistance system (30) improve both the leakage resistance from transient liquid pressure increases after
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impact, as well as the leakage resistance for pressure changes during storage, especially for lower viscosity liquids. The
present improvements to the impact resistance system (30) also improve control of the dosage of the liquid compositions
contained therein.

Impact Resistance System

[0048] According to the invention, the liquid dispenser (1) further comprisesan impact resistance system (30) (as shown
in Figure 7) localized upstreamof the valve (20). The system (30) comprises a housing (31) having a cavity (32) therein, as
shown in figures 8 to 12. The housing (31) extends longitudinally from the body (10) radially inward from the sleeve (11).
That is, in a direction parallel to axis "L", as shown inFigure 3. Thehousing (31) is a substantially rigid structure andmaybe
molded fromplasticmaterial, preferably a thermoplasticmaterial,morepreferably polypropylene.As shown inFigures7 to
12, the housing (31) is preferably substantially cylindrical shaped. The housing can have a length along the longitudinal
axis (L) of from 5.0mm to 100mm, preferably from8.0mm to 50mm,more preferably from10mm to 30mm. The housing
(31) preferably has adiameter of from10mm to70mm,preferably from15mm to50mm.Thediameter ismeasuredas the
diameter of the housing internal surface (35). The housing internal surface (35) forms part of the boundary of the cavity
(32). However, it should be understood that the housing (31) may have any desired size and shape, such as for example,
oval, pyramid, rectangular, etc. Where the housing is not cylindrical shaped, the diameter is taken as the diameter of a
cylinder having the same cross-sectional area as the housing internal surface (35), measured at the height of the lower
edge (38) of the at least one inlet opening (33a). However, the size and shape of the housing (31) will, of necessity, be a
function of the internal volume needed for the compressible substance. For example, when a higher volume of
compressible substance is required, a wider diameter of the housing might be preferred. Preferably, the housing (31)
has an inside volume of from 375mm3 to 400,000 mm3, preferably from 600mm3 to 100,000 mm3, more preferably from
1,500 mm3 to 60,000 mm3. Preferably the compressible substance has a volume of from 200 mm3 up to 375,000 mm3,
preferably from 400mm3 up to 95,000mm3, most preferably from 1,000mm3 up to 55,000mm3.
[0049] Furthermore, the housing (31) comprises at least one inlet opening (33a) that provides a flow path for the liquid
from the inverted container (2) into the housing (31). Preferably the inlet opening (33a) is an opening between the
discharge conduit (12) and the valve (20). The phrase "at least one" inlet opening (33a)means one ormore inlet openings
(33a) located on the housing (31). For example, it may be desirable to have one larger inlet opening (33a) or multiple
smaller inlet openings (33a). Itwouldbeexpected that theviscosity anddensity of the liquid contained insideof the inverted
container (2) factors into the design of the size, shape and number of the inlet openings (33a). The inlet opening (33a)
functions as an opening for providing a liquid flow path to establishing fluid communication with the liquid contained inside
the inverted container (2) and thehousing (31). As shown inFigures7 to12, the inlet opening (33a) is preferably positioned
near the bottom of the housing (31) and preferably is rectangular shaped. The inlet opening (33a) can have a length of
between1mmand25mm,preferablybetween5mmand20mm.The inlet opening (33a) canhaveaheight of from1mmto
10 mm, preferably from 3 mm to 7 mm.
[0050] Other shaped and sized inlet openings (33a) can also be operable so long as they can still provide sufficient flow
of liquid from the inverted container (2) into thehousing (31). For instance, the housing (31) cancontain three small circular
inlet openings (33a) disposed at equal distance near the bottom or one semi-circle surrounding half of the housing (31).
Preferably, the inlet opening (33a) has a total surface area of from 1mm2 to 250mm2, preferably from 5mm2 to 150mm2,
more preferably from 15 mm2 to 100 cm2.
[0051] As shown in Figure 9, the at least one inlet opening (33a) comprises a lower edge (38) proximal to the valve (20)
localized in the body (10) and an upper edge (39) distal to the valve (20), such that the at least one inlet opening (33a) has
an inlet opening height (H), measured parallel to the longitudinal axis L (see figures 3 and 7). The inlet opening (33a)
preferablyhasaheight (H)of from0.5mmto7.5mm,morepreferably from1.0mmto6.0mm,morepreferably from1.5mm
to3.5mm.Where thehousing (31) comprisesmore thanone inlet opening (33a), the lower edge (38) is the lower edge (38)
which ismost proximal to the valve (20), localized in the body (10), and the upper edge (39) is the upper edge (39) which is
most distal from the valve (20).
[0052] Also it is preferable that the inlet opening (33a) is positioned towards the bottom of the housing (31). The lower
edge (38) of the at least one inlet opening (33a) (that is, the bottom of the at least one inlet opening) can be positioned
longitudinally from the upper retainer surface (29a) a distance of less than 5.0 mm, preferably less than 4.0 mm, more
preferably less than 3.0 mm from the upper retainer surface (29a).
[0053] As shown in figure 9, the housing (31) further comprises at least one outlet opening (33b) that provides a path of
egress for the liquid from the housing (31) to the exterior atmosphere when the dispensing orifice (23) is opened.
[0054] As shown in Figures 8 to 12, the housing (31) further comprises a cavity (32). The cavity (32) is a hollow open
space inside the housing (31). The cavity (32) is adapted to be partially occupied by a compressible substance. Preferably
the compressible substance allows pressure equilibration between the valve interior side (21) and the valve exterior side
(22) allowing thedispensingorifice (23) tobe/ remain reactably closeable. Inotherwords, the compressible substance is to
remain uncompressed, prior to "impact" of the inverted container (2), at pressure sufficient to allow the valve (20) to remain
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closed and retain the liquid inside the inverted container (2). The cavity (32) is also partially occupied by the liquid prior to
"impact".
[0055] Preferably, the compressible substance is selected from a gas, a foam, a soft matter such as for example a
sponge or a balloon, other viscoelastic substance (e.g., polysiloxanes), or a piston, preferably a gas, more preferably air.
The compressible substancemay comprise a piston (34) (not shown) moveable within the cavity (32) of the housing (31),
the piston (34) coupled to a tensionmember attached to the distal end of the housing (31) and sealingly dividing the cavity
(32) into a first (36) and second section (37).Whenahydraulic hammer is subjectedon the inverted container (2), liquidwill
flow from the invertedcontainer (2) through the inlet opening (33a) into thehousing (31). The liquidwill press thepiston (34)
upwards into the cavity (32), compressing the compressible substance in between the piston (34) and the top part of the
cavity accordingly, as such decreasing the downwards pressure on the valve (20). After the hydraulic pressure exposure
passes, the compressible substance will decompress, moving the piston (34) back downwards and the liquid flows back
from the housing (31) through the inlet opening (33a) into the inverted container (2).
[0056] Alternatively, thecompressible substancemaycompriseaspring-loadedpiston (34) (not shown).Here thespring
functions as the compressible substance. For example, the volume above the piston (34) is filled with liquid and upon
impact the transient hydraulic hammer force compresses the spring connected to the piston (34) causing the liquid in the
volume above the piston (34) to evacuate back into the inverted container (2) via a small opening. The net outcome is a
resultant net decreaseof thedownwardspressureon the valve (20) allowing it to remain closedduring the impact. After the
hydraulic pressure exposure passes, the spring will uncompress, moving the piston (34) back downwards and the liquid
flows back from the inverted container (2) through the small opening into the volume above the piston (34).
[0057] Alternatively, the compressible substance may comprise a flexible bellow dome (55) (not shown). Here the
transient hydraulic hammer force expands the bellow dome (55) causing the cavity (32) of the impact resistance system
(30) to fill up with liquid, as such decreasing the downwards pressure on the valve (20). After the hydraulic pressure
exposure passes, the flexible bellowdome (55)will deflate, returning the flexible bellowdome (55) to its starting shapeand
the liquid flows back from the housing (31) through the inlet opening (33a) into the inverted container (2). It will be
understood that the flexible bellow dome (55) can be made of any flexible materials know to those skilled in the art.
[0058] Alternatively, the compressible substancemay comprise a gas filled balloon (50) (not shown). Here the transient
hydraulic hammer force compresses the balloon (50) allowing the cavity (32) of the impact resistance system (30) to fill up
with liquid, as such decreasing the downwards pressure on the valve (20). After the hydraulic pressure exposure passes,
the balloon (50)will expandagain returning to its starting shapeand the liquid flowsback from the housing (31) through the
inlet opening (33a) into the inverted container (2).
[0059] Alternatively, the compressible substancemay comprise a flexiblemembrane (51) and a closed cavity (52) (both
not shown). Here the transient hydraulic hammer forces the flexible membrane (51) to pop upwards and compresses the
air inside theclosedcavity (52) andallowing thecavity (32) of the impact resistance system (30) to fill upwith liquid, as such
decreasing the downwards pressure on the valve (20). After the hydraulic pressure exposure passes, the flexible
membrane (51) will return to its starting position and the liquid flows back from the housing (31) through the inlet opening
(33a) into the inverted container (2).
[0060] When the inverted container (2) is impacted, dropped or knocked over, the movement of the liquid inside the
inverted container (2) causes an increased transient liquid pressure (i.e., hydraulic pressure hammer). This increased
transient liquid pressure travels from the inside of the inverted container (2) through the inlet opening (33a) to the housing
(31) and the valve interior side (21). The increased transient liquid pressure is of sufficient magnitude to exceed the
combined force of the internal resistance force of the valve (20), as discussed herein above, and the opposing exterior
atmospheric pressure acting on the valve exterior side (22). This causes the valve (20) to inadvertently openmomentarily
and leak liquid from the liquid dispenser (1) under such conditions.
[0061] The aim of the impact resistance system (30) is to divert the liquid movement (i.e., the increased transient liquid
pressure) causedby the impact away from the valve interior side (21) anddirect it towards the compressible substance.As
shown in Figure 12, the increased transient liquid pressure compresses the compressible substance in the cavity (32) to
absorb the pressure increase allowing for the pressure equilibration between the valve interior side (21) and the valve
exterior side (22). As a result, the dispensing orifice (23) is allowed to remain reactably closeable under such conditions,
thereby substantially reducing or preventing the tendency of the valve (20) to open during impact. The inventors have
discovered that in order to maintain the reactably closeable state for the dispensing orifice (23) the preferred ratio of the
volume of the gas, preferably air, inside the housing (31) at a steady state to the volume of the inverted container is higher
than 0.001, preferably between 0.005 and 0.05, more preferably between 0.01 and 0.02. Without wishing to be bound by
theory it is believed that aminimum compression threshold is desired to significantly reduce or prevent leakage risk under
expectedexposure conditions during transport or usage. Thisminimumcompression threshold directly correlateswith the
volume of liquid that can be stored inside the inverted container (2).
[0062] For example, larger sized inverted containers (2) can hold larger liquid volumes. When these larger sized
inverted containers (2) are impacted, a higher mass of liquid will move upon a hydraulic hammer and as such a higher
increased transient liquid force (F=m*a - second law of Newton, with "F" being force, "m" beingmass ofmoving liquid, and
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"a" being acceleration speed of moving liquid) and hence pressure will be created into the housing (31). As there is a limit
towards how much transient pressure can be absorbed per unit of volume of compressible substance, when exceeding
that threshold the remaining transient pressure will get translated onto the valve (20), causing leakage accordingly. As
such a higher volume of compressible substance is required for higher volumes of liquid into the inverted container (2) to
have enough impact resistance buffer to prevent leakage upon an eventual hydraulic hammer exposure.
[0063] In some applications, it is preferable to use the liquid dispenser (1) with an optional baffle (40). Preferably the
baffle (40), if present, is located between the interior side (21) of the valve (20) and the impact resistance system (30). As
shown in Figure 12, the baffle (40) can include an occlusionmember (41) supported by at least one support member (42).
Without wishing to be bound by theory, it is believed that the baffle (40) will act as an additional counter-force against the
hydraulic hammer, as such further reducing a potential leakage risk. In other words, the baffle (40) functions as a wave
breaker to protect the valve (20) from the turbulent kinetic energy of the hydraulic hammer. Suitable custom-made baffles
(40) can be obtained from the APTAR Group.
[0064] As exemplified in Figures 8 to 12, the impact resistance system comprise a wall (60) positioned radially inwardly
from thehousing (31), extending longitudinally from thebody (10), andencircling the valve interior side (21). Thewall outer
surface (36) preferably has a diameter of from 5.0mm to 35mm, preferably from 7.5mm to 25mm.Where the wall (60) is
not cylindrical shaped, the diameter is taken as the diameter of a cylinder having the same cross-sectional area as thewall
outer surface (36), measured at the height of the lower edge (38) of the at least one inlet opening (33a). The ratio of the
diameterof thehousing internal surface (35) to thediameterof thewall outer surface (36) isat least 1.5:1, preferably fromat
least 1.5:1 to 4:1, more preferably from at least 1.5:1 to 2.5:1.
[0065] Thewall (60) extends longitudinally from thebody (10) into the cavity (32) anoverlap distance (O) further than the
lower edge (38) of the at least one inlet opening (33a), such that the ratio of the overlap distance (O) to the inlet opening
height (H) is 1.0 or higher, or from 1.0 to 5.0, preferably from 1.0 to 3.0, more preferably from 1.0 to 2.0. The wall (60) is
preferably annular (cylindrical) in form. The wall (60) can extend longitudinally from the upper retainer surface (29a) a
distance of from 4.5 mm to 30 mm, preferably from 6.0 mm to 20 mm, more preferably from 7.5 mm to 15 mm.
[0066] It has been found that improved dosing of high viscosity liquids can be achieved, while avoiding leakage, when
thewall (60) is positioned substantially inwards from the housing (31), especially when thewall height is low, such that the
ratio of the overlap distance (O) to the inlet opening height (H) is also low.
[0067] In addition to improving the resistance to leakage due to hydraulic hammer effects, the dispensers, comprising
the wall (60) as described herein, also enable better dosing of smaller volumes, as well as improved leakage prevention,
especially for low viscosity liquids.

Inverted Container

[0068] It will be evident that the invention can be used with any type of containers. Preferably, the liquid dispenser (1) is
used with the type of inverted container (2) as depicted in Figure 1.
[0069] The inverted container (2), insofar as it has been described, may be of any suitable shape or design so long as it
can rest in the upside-down position, the details of which form no part of the present invention directed to the liquid
dispenser (1). The inverted container (2) can be made of any flexible plastic materials, such as thermoplastic polymers.
The flexible materials are compressible enough to deform the inverted container (2) and enable dosing of the liquid yet
sufficiently flexible toenable relatively fast shape recovery from thedeformationpost dosing.Preferably, theflexible plastic
materials are polycarbonate, polyethylene (PE), polypropylene (PP), polyvinylchloride (PVC), polyethyleentereftalaat
(PET) or the like, or blends or multilayer structures thereof. The flexible plastic material may also container specific
moisture or oxygen barrier layers like ethylene vinyl alcohol (EVOH) or the like. The flexible plastic materials may also
partially or fully comprise post-consumer recycled materials from bottles, other containers and the like. The inverted
container (2) includesanopening (5) (not shown) soas toenable liquid topass from the invertedcontainer (2) into the liquid
dispenser (1).With reference toFigure 1, the opening (5) (not shown) is situatedat the bottomof the inverted container (2).
In other words, the inverted container (2) is dosed from the bottom.
[0070] Preferably the liquid dispenser (1) does not comprise a closing cap or seal that is suitable for closing the
dispensing orifice (23). Alternatively, the liquid dispenser (1) can comprise a doser which is sized to comprise sufficient
liquid detergent composition to dose, for example, into a laundry washingmachine. The doser can be releasably attached
to the liquid dispenser (1), such that it closes the dispensing orifice (23). It is advantageous to not include any other closing
cap or seal so that the consumermaymore easily and quickly dose the liquid from inside the inverted container (2) without
bothering with the additional step of opening the cap. Additionally, the closing cap may be accidentally removed from the
container (2) or consumers forget to recloseor failed to recloseproperly thecapon the invertedcontainers (2) and therefore
may fail to prevent liquid leakage.
[0071] The inverted container (2) preferably is a squeezable inverted container (2), having at least one, preferably at
least two, resiliently deformable sidewall or sidewalls (3). Preferably the inverted container (2) is characterized as having
from5N to30N@15mmsidewalls deflection, preferably 10N to25N@15mmsidewalls deflection,morepreferably18N,
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@ 15 mm sidewalls (3) deflection. The inverted container (2) may be grasped by the consumer, and the resiliently
deformable sidewall or sidewalls (3) may be squeezed or compressed causing pressure to be applied (also referred to as
"applied force") to compress the compressible substance in the space (32). As a result, the increase of the internal
pressure causes the liquid between the inverted container (2) and the valve (20) to be dispensed to the exterior
atmosphere through the dispensing orifice (23). When the squeezing or compressing force is removed, the resiliently
deformable sidewall or sidewalls (3) are released to vent air from the exterior atmosphere to the space (32) to decompress
the compressible substance in the space (32) and return the resiliently deformable sidewall or sidewalls (3) to its original
shape. Additionally, the venting also refills the cavity (32) of the housing (31) with air from the exterior atmosphere. The
ventedairmovesback into the inverted container (2) via the inlet opening (33a) to compensate for the volumeof dispensed
liquid.
[0072] For inverted containers (2), the spring-back of the container (2) after the squeezing force for dispensinghas been
removed provides the pressure differential to draw air through the orifice (30), so that the container (10) can return to its
original shapeafter squeezingof the container (10). As such, the container has to besufficiently stiff that it is able toprovide
sufficient spring-back force to draw air through the orifice (30) and allow the container (10) to return to its original shape. In
addition, the container (2) should be sufficiently elastic that pressure differentials between the contents of the container (2)
and the atmosphere due to changes in ambient temperature donot result in leakageof the contents of the container (2). As
such, the resiliently squeezable container (10) can have an elasticity index of less than 2.5%, or from 0.75% to 1.75%,
preferably from 0.85% to 1.4%, asmeasured using the elasticity indexmethod described herein. The desired elasticity of
the resiliently squeezable container (10) can be achieved using any suitablemeans, including through the selection of the
material used for forming the container (10), limiting the wall thickness through using less resin material to make the
container (10).

Liquid compositions

[0073] The inverted container (2) can comprise a liquid composition, preferably a liquid detergent composition, more
preferably a liquid laundry detergent composition. As used herein, "liquid detergent composition" refers to liquid detergent
composition, which is fluid, and preferably capable of wetting and cleaning a fabric, e.g., clothing in a domestic washing
machine. As used herein, "laundry detergent composition" refers to compositions suitable for washing clothes. The
composition can include solids or gases in suitably subdivided form, but the overall composition excludes product forms
which are non-fluid overall, such as tablets or granules. The liquid laundry detergent composition preferably has a density
in the range from 0.9 to 1.3 grams per cubic centimeter, more specifically from 1.00 to 1.10 grams per cubic centimeter,
excluding any solid additives but including any bubbles, if present.
[0074] Aqueous liquid laundry detergent compositions are preferred. For such aqueous liquid laundry detergent
compositions, the water content can be present at a level of from 5 % to 99 %, preferably from 15 % to 90 %, more
preferably from 25 % to 80 % by weight of the liquid detergent composition.
[0075] The pH range of the detergent composition is from6.0 to 8.9, preferably frompH7 to 8.8. The pH ismeasured, at
25°C, using a Santarius PT‑10P pH meter with gel-filled probe (such as the Toledo probe, part number 52 000 100),
calibrated according to the instructions manual. The pH is measured in a 10% dilution in demineralised water (i.e. 1 part
laundry detergent composition and 9 parts demineralised water).
[0076] Compositions of use in the present invention can be Newtonian or non-Newtonian, preferably non-Newtonian in
the usage shear rate range of from 0.1 s‑1 to 100 s‑1. Preferably, the liquid detergent composition has a viscosity of 50 to
5,000, preferably 75 to 1,000, more preferably 100 to 500 mPa.s, when measured at a shear rate of 100 s‑1, at a
temperature of 20°C. For improved phase stability, and also improved stability of suspended ingredients, the liquid
detergent composition has a viscosity of 50 to 250,000, preferably 5,000 to 125,000, more preferably 10,000 to 35,000
mPa.s, whenmeasured at a shear rate of 0.05 s‑1, at a temperature of 20°C. The viscosity is measured using an AR 2000
rheometer fromTA instruments usingaconeandplategeometrywitha40mmdiameter andanangleof 1°. Theviscosity at
the different shear rates is measured via a logarithmic shear rate sweep from 0.1 s‑1 to 1200 s‑1 in 3minutes time at 20°C.
Low shear viscosity is measured at a continuous shear rate of 0.05 s‑1.
[0077] Suitable liquiddetergent composition, andespecially liquid laundrydetergent compositions compriseadetersive
surfactant. Detersive surfactant as used herein means surfactants or mixtures of surfactants that provide cleaning, stain
removing, or laundering benefit to soiled material. Suitable detersive surfactants can be: anionic surfactant, nonionic
surfactant, zwitterionic surfactant, and combinations thereof. Thedetersive surfactant comprisesa combination of anionic
and nonionic surfactant.
[0078] The laundry composition can comprise detersive surfactant at a level of from3wt% to 50wt%, preferably from10
wt% to 37.5 wt%, more preferably from 15 wt% to 30 wt%.
[0079] Suitable anionic surfactants canbeselected from thegroupconsisting of: alkyl sulphates, alkyl ethoxy sulphates,
alkyl sulphonates, alkyl benzene sulphonates, fatty acids and their salts, andmixtures thereof. However, by nature, every
anionic surfactant known in the art of detergent compositions may be used, such as disclosed in "Surfactant Science
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Series", Vol. 7, edited by W. M. Linfield, Marcel Dekker. However, the composition preferably comprises at least a
sulphonic acid surfactant, such as a linear alkyl benzene sulphonic acid, but watersoluble salt forms may also be used.
Alkyl ethoxy sulphates, or mixtures thereof, are also preferred.
[0080] The liquid detergent composition can comprise nonionic surfactant. The level of nonionic surfactant in the liquid
detergent composition can be present at a level of from 1.0% to 20%, preferably from 2.5% to 15%, more preferably from
5.0% to 12.5% by weight of the composition.
[0081] Suitable nonionic surfactants include, but are not limited to C12-C18 alkyl ethoxylates ("AE") including the so-
called narrow peaked alkyl ethoxylates and C6-C12 alkyl phenol alkoxylates (especially ethoxylates and mixed ethox-
y/propoxy), block alkylene oxide condensate of C6-C12 alkyl phenols, alkylene oxide condensates of C8-C22 alkanols
and ethylene oxide/propylene oxide block polymers (Pluronic - BASFCorp.), as well as semi polar nonionics (e.g., amine
oxides and phosphine oxides) can be used in the present compositions. An extensive disclosure of these types of
surfactants is found in U.S. Pat. 3,929,678, Laughlin et al., issued December 30, 1975.
[0082] The liquid detergent composition can comprise a amphoteric or zwitterionic detersive surfactants, preferably at a
level of from 0.1 wt% to 5 wt%, more preferably from 0.2 wt% to 2 wt%, most preferably from 0.4 wt% to 1 wt %.
[0083] Suitable amphoteric or zwitterionic detersive surfactants include those which are known for use in hair care or
other personal care cleansing. Non-limiting examples of suitable zwitterionic or amphoteric surfactants are described in
U.S. Pat. Nos. 5,104,646 (Bolich Jr. et al.), 5,106,609 (Bolich Jr. et al.). Suitable amphoteric detersive surfactants include
those surfactants broadly described as derivatives of aliphatic secondary and tertiary amines inwhich the aliphatic radical
canbestraight or branchedchainandwhereinoneof thealiphatic substituents contains from8 to18carbonatomsandone
contains an anionic group such as carboxy, sulfonate, sulfate, phosphate, or phosphonate. Suitable amphoteric detersive
surfactants for use in the present invention include, but are not limited to: cocoamphoacetate, cocoamphodiacetate,
lauroamphoacetate, lauroamphodiacetate, and mixtures thereof.
[0084] Preferably surfactants comprising saturated alkyl chains are used.
[0085] The laundry detergent composition of the present invention can comprise an enzyme cocktail, wherein the
enzyme cocktail comprises a xanthan endoglucanase, a xanthan lyase, and a mannanase.
[0086] The detergent compositionmay additionally comprise one ormore of the following optional ingredients: external
structurant or thickener, enzymes, enzyme stabilizers, cleaning polymers, bleaching systems, optical brighteners, hueing
dyes, particulate material, perfume and other odour control agents, hydrotropes, suds suppressors, fabric care benefit
agents, pH adjusting agents, dye transfer inhibiting agents, preservatives, non-fabric substantive dyes and mixtures
thereof. In more preferred embodiments, the laundry detergent composition does not comprise a bleach.
[0087] External structurant or thickener: Preferred external structurants and thickeners are those that do not rely on
charge - charge interactions for providing a structuring benefit. As such, particularly preferred external structurants are
uncharged external structurants, such as those selected from the group consisting of: non-polymeric crystalline, hydroxyl
functional structurants, such as hydrogenated castor oil; microfibrillated cellulose; uncharged hydroxyethyl cellulose;
uncharged hydrophobically modified hydroxyethyl cellulose; hydrophobically modified ethoxylated urethanes; hydro-
phobically modified non-ionic polyols; and mixtures thereof.

TEST METHODS

[0088] The followingassaysset forthmustbeused inorder that the inventiondescribedandclaimedhereinmaybemore
fully understood.

Leakage under impact

[0089] The purpose of this test is to assess the ability of a liquid dispenser to prevent leakage of the liquid from an
inverted container during "impact". The impact occurswhen the inverted container is dropped, liquid dispenser side down,
from a certain height onto a flat surface. The drop is supposed to mimic the resulting transient liquid pressure increases
upon impact inside the inverted container. The leakage resistance ability of the liquid dispenser is evaluated through
measurement of the drop height till which no volume/weight of the liquid leaks out when dropped. A higher leak-free drop
height correlates to better leakage resistance ability for the liquid dispenser. The steps for the method are as follows:

1. Use a drop tester apparatus as shown in Figure 13. The apparatus consists of two top and bottom open ended
cylindrical tubeswith anapproximate diameter of 12 cm, i.e.anouter tube tightly surrounding an inner tubemovable in
vertical direction into the outer tube, the outer tube having a cut out section to enable visual assessment of the relative
height of the inner tube within the outer tube through a grading scale applied on the outer tube. A removable lever is
appliedat thebottomof the inner tube, allowingan inverted container (2) positionedwith its openingdownwardswithin
the inner tube to rest on the lever. When the lever is manually removed the inverted container drops down and the
amount of leaked liquid after theexposure isweighed. Therefore apieceof paper is positionedonahard surfaceat the
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bottom of the open ended outer container to capture the leaked liquid. The weight of the paper is measured on a
balance prior and after the drop test to define the amount of leaked liquid. The height at which the leverwaspositioned
prior to manual removal is measured as the drop height.
2. Fill an inverted container (2) having a defined volume (e.g., 400 mL or 650 mL) with a standard liquid dishwashing
detergent having a density of 1.03 g/mL and a Newtonian viscosity of 1000 cps at 20 °C when measured on a
Brookfield typeDV-II with a spindle 31 at rotation speed 12RPM to a defined fill level within the inverted container. For
example, with a 400mL inverted container fill with 400mLof liquid dishwashing detergent, andwith a 650mL inverted
container fill with 650 mL of liquid dishwashing detergent. The liquid fill level, inverted container volume and liquid
composition is kept constant when cross-comparing different closing systems.
3. Assemble a liquid dispenser comprising a valve (Simplicity 21‑200 "Simplisqueeze®" valve available from Aptar
Group, Inc.)with the inverted container (2), as shown inFigures4 to6. The liquiddispenser hasa frustoconical shaped
exterior portion (e.g., bottom diameter 65 mm, top diameter 34 mm and height 30 mm) for resting on the flat surface,
and optionally fitted with an internally developed baffle (e.g., diameter 7mm, 5 ribs emerging from center ball of 4mm
to the outside), an impact resistance system (30) according to the present invention or both.
4. Set up the drop height (from 2 cm to 15 cm) on the drop tester.
5. Cut a piece of paper approximately 7 cm x 7 cm for fitting the opening at the lower end of the outer tube.
6. Weigh the piece of paper using a Mettler Toledo PR1203 balance and record its weight.
7. Place the piece of paper under the opening at the lower end of the outer tube.
8. Place the assembled liquid dispenser and inverted container (2), liquid dispenser side down, into the inner tube of
the drop tester.
9. Pull back the lever in the drop tester in a quick and smooth motion.
10. Remove the tubes and the assembled liquid dispenser and inverted container from the drop tester.
11.Weigh thepieceof paper asecond timeand record theweight.Calculate theweight differenceof thepaper, and the
delta corresponds to the amount of liquid leaked from the liquid dispenser.
12. Repeat steps 5 to 11 four more times for a total of five replicates for each test condition.
13. Calculate the average maximum drop height at which no liquid leaked.

Immersed volume, Overflow volume and Elasticity index

[0090] The test is done on containers which are at least 3 days old, in order to avoid the effects of container shrinkage
after making. The test is done at a room temperature of 20 °C and a room atmospheric pressure of 1013 +/‑ 1 Pa.
[0091] Distilledwater havingadensity of 1.000+/‑0.002g/ml,whenmeasuredat 20 °C is added toabeaker of volumeat
least 5 L. If desired, a dye may be added to improve visibility, so long at the target density is achieved.
[0092] The container is weighed using a laboratory balance having an accuracy of 0.001 g.
[0093] The container is then fully immersed in thebeaker,with the opening facing upwith thedistilledwater in the beaker
at 20 °C,expellingany remainingair in thecontainerbygentle shaking.Holding thecontainer by thestiffest part of theneck,
the container is carefully lifted out of the beaker while avoiding squeezing of the container and spilling any of the solution.
The filled container iswiped dry and re-weighed on the balance, in order tomeasure theweight of solution contained in the
container when the container was immersed. From the weight of the distilled water, the immersed volume (ml) can be
deduced. Thecontainer is then toppedup to thebrimwith additional distilledwater at 20 °Cand the container reweighed, in
order to measure the weight of the distilled water contained within the container after topping up to the brim. From this
weight of surfactant solution, the overflow volume can be deduced. The overflow volume is the total volume of the distilled
water contained in the container after toppingup.The timebetween immersion in thebasin andweighingmust be less than
2 minutes.
[0094] The elasticity index is calculated using the following equation, expressed as a percent:

Peak pressure

[0095] Thepeakpressure is thepressurewithin theempty container at a defined temperature above the fill temperature.
A temperature and pressure probe (preferably MSR145B4 data logger) is placed within the empty container and the
container is cappedwith a sealingly engaged cap (without an orifice), with the containermaintained at a temperature of 20
°C and an atmospheric pressure of 1013 +/‑ 1 Pa, while ensuring that no additional pressure beyond the surrounding
atmospheric pressure is exerted on the container during capping. The container is placed within a constant temperature
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oven, set at the desired temperature for 4 hours at 1013 +/‑ 1 Pa and the maximum (peak) pressure logged by the
temperature and pressure probe is recorded. The method is repeated using 5 different containers and the average peak
pressure is recorded.

Leakage due to pressure changes

[0096] The containers are filled to 10%of the container size (recommended fill volume) at 20 °Cwith Fairy® original dark
green dishwashing product having a viscosity in the range of 1,000 +/‑ 200 mPa.s, measured at a shear rate of 10 s‑1 (for
example,Belgianmarket product, 2018), and thecontainerssealedwith capscomprisingV21 -145slit-valves (suppliedby
Aptar). Cups are weighed before the containers are placed upside down in the cups, with the container cap positioned a
distance from the bottom of the cup. The containers are then placed, with the cups in a constant temperature oven kept at
40 °C. The containers and cups are then removed from the oven after an hour, the container removed from the cup and the
cup reweighed, in order to measure the weight of product that has leaked from the container.

Minimum dosage

[0097] The dosing control method provides a method to determine the ease of dosing small volumes. For the test, the
commercially available "Joy®" dishwashing 330 ml container, as sold in Japan in October 2023, is preferably used.
However, alternative containers having a cylindrical volume of a similar volume can be used, as the method provides a
comparative dosing assessment for the different dispensers being compared. Improved dosing is signified by a reduced
minimum dosage delivered during the test.
[0098] Thecontainer is filledwith 210gof a liquid composition having anessentiallyNewtonian viscosity of 160mPa.s in
the shear rate rangeof from0.1 s‑1 to 100 s‑1, such as the "Joy® dishwashing detergent sold byProcter &Gamble in Japan
in October 2023. The bottle is then squeezed and kept as such while the dispenser is fitted to the container before the
assembled bottle is inverted and the squeezing pressure released. The container is allowed to recover its shape by
drawing air through the dispenser orifice and left for 5 minutes to ensure equilibration.
[0099] Acontainer is placedonamicrobalance (at least 0.01gaccuracy) and thebottle is positionedabove the container
at aheightofapproximatelyof 80mm.Thecontainer is thensqueezedslowly todispense thesmallest possibledosageand
the weight of the dose is measured using the microbalance.
[0100] The test is repeated 5 times and the dosage values are averaged over the 5 attempts.
[0101] All percentagesand ratios herein are calculatedbyweight unless otherwise indicated. All percentagesand ratios
are calculated based on the total composition unless otherwise indicated.
[0102] It should be understood that every maximum numerical limitation given throughout this specification includes
every lower numerical limitation, as if such lower numerical limitations were expressly written herein. Every minimum
numerical limitation given throughout this specification will include every higher numerical limitation, as if such higher
numerical limitations were expressly written herein. Every numerical range given throughout this specification will include
every narrower numerical range that falls within such broader numerical range, as if such narrower numerical.
[0103] The dimensions and values disclosed herein are not to be understood as being strictly limited to the exact
numerical values recited. Instead, unless otherwise specified, each such dimension is intended to mean both the recited
value and a functionally equivalent range surrounding that value. For example, a dimension disclosed as "40 mm" is
intended to mean "about 40 mm."

Claims

1. A liquid dispenser (1) for affixing to an inverted container (2) containing dispensable liquid, the dispenser (1)
comprising:

a) a body (10) of the dispenser (1) comprising a connecting sleeve (11), wherein the connecting sleeve (11) is
adaptable for engaging to anexterior surfaceproximate an opening (5) of the inverted container (2) and is spaced
radially inwardly to define an internal discharge conduit (12) for establishing fluid communication with the liquid
contained in the inverted container (2);
b) a valve (20) localized in the body (10) extending across the internal discharge conduit (12), the valve (20)
having an interior side (21) for being contacted by the liquid contained inside the inverted container (2) and an
exterior side (22) for beingexposed to theexterior atmosphere,wherein thevalve (20)definesadispensingorifice
(23) that is reactablyopenablewhen thepressureon the valve interior side (21) exceeds thepressureon thevalve
exterior side (22); and
c) an impact resistance system (30) localized upstream of the valve (20), the system (30) comprises: a housing
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(31) having a cavity (32) therein and extending longitudinally from the body (10) and radially inwardly from the
sleeve (11);

wherein the housing (31) comprises at least one inlet opening (33a) that provides a flow path for the liquid from the
inverted container (2) into the housing (31),and at least one outlet opening (33b) that provides a path of egress for the
liquid from the housing (31) to the exterior atmosphere when the dispensing orifice (23) is opened, wherein the cavity
(32) is adapted to be partially occupied by a compressible substance, wherein the at least one inlet opening (33a)
comprises a lower edge (38) proximal to the body (10) and an upper edge (39) distal to the body (10), such that the at
least one inlet opening (33a) has an inlet opening height (H),
characterised in that:

the impact resistance system (30) further comprisesawall (60) positioned radially inwardly from thehousing (31),
extending longitudinally from the body (10), and encircling around the valve interior side (21), and
the wall (60) extends longitudinally from the body (10) further than the upper edge (38) of the at least one inlet
opening (33a),
wherein the ratio of the overlap distance (O) to the inlet opening height (H) is 1.0 or higher, and the ratio of the
diameter of the housing internal surface (35) to the diameter of the wall outer surface (36) is at least 1.5:1.

2. The liquid dispenser (1) according to claim 1, wherein the housing (31) has an internal volume of from 375 mm3 to
400,000 mm3, preferably from 600 mm3 to 100,000 mm3, more preferably from 1,500 mm3 to 60,000 mm3.

3. The liquid dispenser (1) according to any of the preceding claims, wherein the inlet opening (33a) has a total surface
area of from 1 mm2 to 250 mm2, preferably from 5 mm2 to 150 mm2, more preferably from 15 mm2 to 100 cm2.

4. The liquid dispenser (1) according to any of the preceding claims, wherein the inlet opening (33a) has a height (H) of
from 0.5 mm to 7.5 mm, preferably from 1.0 mm to 6.0 mm, more preferably from 1.5 mm to 3.5 mm.

5. The liquid dispenser (1) according to any of the preceding claims, wherein the ratio of the overlap distance (O) to the
inlet opening height (H) is from at least 1.5:1 to 4:1, more preferably from at least 1.5:1 to 2.5:1.

6. The liquid dispenser (1) according to anyof the preceding claims,wherein thebody (10) or thehousing (31) comprises
an upper retainer surface (29a), and the lower edge (38) of the at least one inlet opening (33a) is positioned
longitudinally from the upper retainer surface (29a) a distance of less than 5.0mm, preferably less than 4.0mm,more
preferably less than 3.0 mm from the upper retainer surface (29a).

7. The liquid dispenser (1) according to anyof the preceding claims,wherein thebody (10) or thehousing (31) comprises
an upper retainer surface (29a), and the wall (60) extends longitudinally from the upper retainer surface (29a) a
distance of from 4.5 mm to 30 mm, preferably from 6.0 mm to 20 mm, more preferably from 7.5 mm to 15 mm.

8. The liquid dispenser (1) according to any of the preceding claims, wherein the housing (31) comprises of a plastic
material, preferably a thermoplastic material, preferably polypropylene.

9. The liquiddispenser (1) according toanyof theprecedingclaims,wherein the internal resistance forceof thevalve (20)
is at least 10 mbar, preferably at least 25 mbar to open the dispensing orifice (23).

10. The liquid dispenser (1) according to claim 9, wherein the internal resistance force of the valve (20) is less than 250
mbar, more preferably less than 150 mbar, most preferably less than 75 mbar.

11. The liquiddispenser (1) according toanyof thepreceding claims,wherein the valve (20) comprisesof a flexible central
portion (24) having at least two, preferably a plurality of, slits (25)which extend radially outward to distal ends (26), the
slits (25) intersect to define the dispensing orifice (23).

12. The liquid dispenser (1) according to anyof thepreceding claims,wherein thebody (10) comprisesat a bottomend (B)
an exterior portion (14) adapted for resting the inverted container (2) on a flat surface in the upside-down position.

13. The liquid dispenser (1) according to any of the preceding claims, further comprising a baffle (40) located in between
the interior side (21) of the valve (20) and the impact resistance system (30), preferably the baffle (40) includes an
occlusion member (41) supported by at least one support member (42).
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14. An inverted container (2) comprising the liquid dispenser (1) according to any of the preceding claims, wherein the
liquid dispenser (1) does not comprise a closing cap or seal.

15. The inverted container (2) according to claim 14, wherein the inverted container (2) comprises a liquid detergent
composition, preferablywherein the liquiddetergent compositionhasaviscosity of 50 to5,000, preferably 75 to1,000,
more preferably 100 to 500 mPa.s, when measured at a shear rate of 100 s‑1, at a temperature of 20°C.
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